Results
We identified 856 patients with node-negative disease who had not received systemic adjuvant therapy (the node-negative, no-adjuvant-therapy cohort), 856 patients with isolated tumor cells or micrometastases who had not received systemic adjuvant therapy (the node-positive, no-adjuvant-therapy cohort), and 995 patients with isolated tumor cells or micrometastases who had received such treatment (the nodepositive, adjuvant-therapy cohort). The median follow-up was 5.1 years. The adjusted hazard ratio for disease events among patients with isolated tumor cells who did not receive systemic therapy, as compared with women with node-negative disease, was 1.50 (95% confidence interval [CI], 1.15 to 1.94); among patients with micrometastases, the adjusted hazard ratio was 1.56 (95% CI, 1.15 to 2.13). Among patients with isolated tumor cells or micrometastases, the adjusted hazard ratio was 0.57 (95% CI, 0.45 to 0.73) in the node-positive, adjuvant-therapy cohort, as compared with the node-positive, no-adjuvant-therapy cohort.
T h e ne w e ngl a nd jou r na l o f m e dic i ne n engl j med 361;7 nejm.org august 13, 2009 654 T he status of the axillary lymph nodes is the most important prognostic factor in breast cancer. 1 These nodes can be sampled by axillary lymph-node dissection or sentinel-node biopsy with or without subsequent axillary lymph-node dissection (these additional lymph nodes are denoted as nonsentinel nodes). Detailed examination of the sentinel node by means of serial sectioning with optional immunohistochemical staining permits the detection of small metastases or isolated tumor cells. [2] [3] [4] Isolated tumor cells (staged as pN0 [i+] , with deposits ≤0.2 mm) and micrometastases (staged as pN1mi, with deposits >0.2 to ≤2.0 mm) have been separate categories in the American Joint Committee on Cancer (AJCC) Cancer Staging Manual since 2002. 5 The cutoff value of 0.2 mm was chosen arbitrarily.
Most studies of the association of minimal lymph-node involvement with prognosis have included patients who received a diagnosis of breast cancer before the use of sentinel-node biopsy became widespread. Moreover, isolated tumor cells were seldom distinguished from micrometastases, which made their prognostic relevance debatable. [6] [7] [8] [9] [10] The Dutch guidelines regarding the treatment of breast cancer do not recommend systemic adjuvant therapy for low-risk breast cancer with isolated tumor cells in a regional lymph node. Moreover, because of insufficient evidence concerning micrometastases and prognosis, the guidelines provide no advice with respect to systemic adjuvant therapy for low-risk breast cancer with nodal micrometastases. 11 Consequently, some patients with breast cancer and micrometastases in the Netherlands receive systemic adjuvant therapy, and others do not. The aim of the MIRROR (Micrometastases and Isolated Tumor Cells: Relevant and Robust or Rubbish?) study was to evaluate the relationship, if any, between isolated tumor cells or micrometastases in the regional lymph nodes and clinical outcome in patients who had undergone a sentinel-node procedure and who did or did not receive systemic adjuvant therapy.
Me thods

Patients
We identified women with invasive breast cancer who had undergone a sentinel-node biopsy before 2006 from the Netherlands Cancer Registry. We included consecutive patients with favorable pri-mary tumor characteristics (i.e., tumors of ≤1 cm in diameter, irrespective of grade, or tumors >1 to ≤3 cm, grade 1 or 2) for whom systemic adjuvant therapy was not indicated according to the Dutch guidelines, version 2002. 12 Among these women, we selected only patients with a final nodal status of isolated tumor cells or micrometastases detected on microscopical examination of the sentinel and nonsentinel lymph nodes (in patients who subsequently underwent axillary lymph-node dissection). If both the sentinel node and the nonsentinel node contained metastases, the largest metastasis determined the final nodal status. According to the guidelines, axillary lymphnode dissection was generally recommended if isolated tumor cells or micrometastases were detected in the sentinel node. 12 Table 1 lists the proportion of patients in each cohort who underwent axillary lymph-node dissection.
In addition to these patients, we randomly selected a control group of 1000 patients who had breast cancer that was classified as low-risk, node-negative disease and who underwent breast surgery and a sentinel-node biopsy with or without an axillary lymph-node dissection in the period from 2000 through 2001. We excluded patients who received neoadjuvant chemotherapy, had bilateral breast cancer, had a history of cancer, or had node-negative disease and received systemic adjuvant therapy. All 113 Dutch hospitals and 60 pathology laboratories participated in the study (see Table 1 of the Supplementary Appendix, available with the full text of this article at NEJM.org). The review board of the Netherlands Cancer Registry approved this study. The ethics committee of Maastricht University Medical Center concluded that no informed consent was required for this retrospective, observational study.
Data Collection
Registration clerks of all eight comprehensive cancer centers in the Netherlands collected data on patient and tumor characteristics, breast surgery, the sentinel-node biopsy, axillary lymph-node dissection, radiotherapy, systemic adjuvant therapy, the recurrence of disease or the occurrence of another malignant condition, and death during follow-up.
Pathological Review
Three pathologists who specialized in breast cancer reviewed all available original slides of the † P values are for the comparison of the node-negative, no-adjuvant-therapy cohort with the node-positive, no-adjuvant-therapy cohort. ‡ P values are for the comparison of the node-positive, no-adjuvant-therapy cohort with the node-positive, adjuvant-therapy cohort. § Nodal status is the final nodal status after sentinel-node biopsy, with or without axillary lymph-node dissection, and after central review. sentinel nodes and of positive nodes obtained from patients who underwent an axillary lymphnode dissection. These included slides stained with hematoxylin and eosin, slides stained for immunohistochemical analysis, and frozen sections. Additional sections were not obtained, and new immunohistochemical staining was not performed. The grade of the primary tumor was assessed if it was not available from the original pathology report. Almost all participating pathology laboratories used a protocol in which the sentinel node was serially sectioned at least every 150 μm and at a minimum of three levels, with the use of keratin immunohistochemical staining if the hematoxylin and eosin staining was negative. In contrast, the nonsentinel nodes were macroscopically sectioned every 2 to 5 mm, and one section per slice was stained with hematoxylin and eosin. 13 Tumor deposits were classified according to the sixth edition of the AJCC Cancer Staging Manual. 5
Cohorts
We identified three cohorts: patients with nodenegative disease who did not receive systemic adjuvant therapy (the node-negative, no-adjuvanttherapy cohort), patients with isolated tumor cells or micrometastases in the regional lymph nodes who did not receive systemic adjuvant therapy (the node-positive, no-adjuvant-therapy cohort), and patients with isolated tumor cells or micrometastases in the regional lymph nodes who received systemic adjuvant therapy (the node-positive, adjuvant-therapy cohort). Adjuvant therapy was defined as any type of hormonal therapy, chemotherapy, or both.
To determine whether an association exists between the presence or absence of isolated tumor cells or micrometastases in the regional lymph nodes and outcome, we compared the outcome for patients in the node-negative, no-adjuvant-therapy cohort with the outcome for patients in the node-positive, no-adjuvant-therapy cohort. For this latter cohort, we performed separate assessments of patients with isolated tumor cells and patients with micrometastases. To determine the effect of systemic adjuvant therapy on the outcome in patients with isolated tumor cells or micrometastases, we compared the outcomes in the cohort of patients who did not receive adjuvant therapy with the outcomes in the adjuvanttherapy cohort.
End Points
The primary end point was the 5-year rate of disease-free survival. The period of disease-free survival was defined as the interval from the date of diagnosis to locoregional recurrence, distant metastases, contralateral invasive breast cancer or ductal carcinoma in situ, another malignant condition, or death from any cause, whichever occurred first. Recurrence was a composite end point defined as locoregional recurrence, distant metastases, or invasive cancer or ductal carcinoma in situ in the contralateral breast.
Statistical Analysis
The chi-square test for trend was used to assess baseline differences between ordinal variables, and Student's t-test was used for continuous variables. The Kaplan-Meier method was used to estimate the 5-year rate of disease-free survival. For patients who remained alive and diseasefree, data were censored at the date of the last contact.
A Cox proportional-hazards model was used to compare the cohorts and to adjust for known prognostic clinical and pathological variables. In the primary analysis, we included age at diagnosis, tumor size, tumor grade, hormone-receptor status, and form of axillary treatment (node dissection, irradiation, or both, or no axillary treatment). We did not include axillary lymphnode dissection as an additional variable in the Cox proportional-hazards model when comparing the node-negative, no-adjuvant-therapy cohort with the node-positive, no-adjuvant-therapy cohort, since axillary lymph-node dissection is not recommended in patients with a negative sentinel node. 14 To exclude axillary lymph-node dissection as a confounder, we performed a secondary analysis in which axillary lymph-node dissection was included, comparing the nodenegative, no-adjuvant-therapy cohort and the nodepositive, no-adjuvant-therapy cohort. We did not consider hormone-receptor status when comparing the cohort of patients with isolated tumor cells or micrometastases that received adjuvant therapy with the cohort that did not receive such therapy, since hormone-receptor status partially determined whether a patient was included in the node-positive, no-adjuvant-therapy cohort or the node-positive, adjuvant-therapy cohort.
All reported P values are two-sided, and con- fidence intervals are at the 95% level. All analyses were performed with the use of SAS software, version 8.2. 15 
R esult s
Patients
We identified 3181 women with breast cancer from the Netherlands Cancer Registry. We excluded 146 patients (4.6%) because of incomplete or unavailable material for pathological review and 26 patients (0.8%) because of missing baseline characteristics. After pathological review, 302 patients (9.5%) were ineligible because of macrometastases (in 185 patients), unfavorable primary tumor characteristics (in 68 patients), noninvasive breast cancer (in 7 patients), unmeasurable size of metastasis (in 2 patients), or receipt of systemic adjuvant therapy despite favorable nodenegative disease (in 40 patients).
The final study involved 2707 women: 856 women with node-negative disease who did not receive systemic adjuvant therapy (31.6%), 856 women with isolated tumor cells or micrometastases who did not receive adjuvant therapy (31.6%), and 995 women with isolated tumor cells or micrometastases who received adjuvant therapy (36.8%). Table 1 shows the baseline characteristics of the three cohorts. In the node-positive, no-adjuvant-therapy cohort as compared with the nodenegative cohort, the tumors were larger (P<0.001), more patients had lobular carcinoma (P = 0.03), and more patients had undergone axillary lymphnode dissection (P<0.001). In the node-positive, adjuvant-therapy cohort as compared with the node-positive, no-adjuvant-therapy cohort, the tumors were larger (P<0.001), the differentiation grade was poorer (P = 0.003), more patients had micrometastases in the regional nodes (P<0.001), and more patients had undergone axillary lymphnode dissection (P<0.001). Other differences (e.g., age at diagnosis, number of sentinel nodes removed, and hormone-receptor status) were small in absolute terms, though they were statistically significant ( Table 1) .
The median duration of follow-up was 5.1 years (range, 0.04 to 9.3). Ninety-five patients (3.5%) were lost to follow-up within 0.04 to 5.6 years after diagnosis. At the last follow-up, 2261 patients (83.5%) were free of disease.
The components of the composite end point of recurrence (contralateral breast cancer, locoregional recurrence, and distant metastases) all showed the same trend as that reported for the overall end point of disease recurrence (see Table 2 in the Supplementary Appendix). More detailed analyses of each of the components were not possible, however, because of the small number of events.
Node-Negative, No-Adjuvant-Therapy Cohort vs. Node-Positive, No-Adjuvant-Therapy Cohort
The unadjusted 5-year rate of disease-free survival in the node-positive, no-adjuvant-therapy cohort was significantly reduced as compared with that in the node-negative, no-adjuvant-therapy cohort (76.5% vs. 85.7%, P<0.001) (Fig. 1A) . Patients with isolated tumor cells who did not receive adjuvant therapy had a significantly reduced 5-year rate of disease-free survival as compared with patients in the node-negative, no-adjuvant-therapy cohort (77.2% vs. 85.7%, P<0.001) (Fig. 1B) , and patients with micrometastases who did not receive adjuvant therapy had a significantly reduced 5-year rate of disease-free survival as compared with patients in the node-negative, no-adjuvanttherapy cohort (75.9% vs. 85.7%, P = 0.002) (Fig.  1B) . In the cohort of node-positive patients who did not receive adjuvant therapy, the 5-year rate of disease-free survival was similar among patients with isolated tumor cells and those with micrometastases (77.2% and 75.9%, respectively; P = 0.77). After adjustment for age at diagnosis, tumor size, tumor grade, and hormone-receptor status, there was an increased risk of events in the nodepositive, no-adjuvant-therapy cohort as compared with the node-negative, no-adjuvant-therapy cohort (hazard ratio, 1.51; 95% confidence interval [CI], 1.20 to 1.90) ( Table 2 ). The hazard ratio among women with isolated tumor cells who did not receive adjuvant therapy, as compared with the node-negative, no-adjuvant-therapy cohort, was 1.50 (95% CI, 1.15 to 1.94), and the hazard ratio among women with micrometastases, as compared with the node-negative women, was 1.56 (95% CI, 1.15 to 2.13) ( Table 2 ). Age at diagnosis, tumor size, tumor grade, and hormonereceptor status were also associated with the risk of events (Table 2) . When axillary lymph-node dissection was included in the model, the results were essentially the same ( 
No Adjuvant Therapy vs. Adjuvant Therapy among Node-Positive Patients
The unadjusted 5-year rate of disease-free survival among women with isolated tumor cells or micrometastases who did not receive adjuvant therapy was significantly reduced as compared with the rate in the node-positive, adjuvant-therapy cohort (76.5% vs. 86.2%, P<0.001) ( Fig. 2A) .
Patients with isolated tumor cells who did not receive adjuvant therapy had a significantly reduced 5-year rate of disease-free survival as compared with women who did receive adjuvant therapy (77.2% vs. 83.0%, P = 0.04) (Fig. 2B ). Among women with micrometastases, the 5-year rate of disease-free survival was significantly reduced in the no-adjuvant-therapy cohort as compared with the adjuvant-therapy cohort (75.9% vs. 87.9%, P<0.001) (Fig. 2C) . Within the node-positive, adjuvant-therapy cohort, the 5-year rate of diseasefree survival did not differ significantly between patients with isolated tumor cells and those with micrometastases (83.0% and 87.9%, respectively; P = 0.09). After adjustment for age at diagnosis, tumor size, tumor grade, and axillary treatment or no axillary treatment, there remained a reduced risk of events in the node-positive, adjuvant-therapy cohort as compared with the node-positive, noadjuvant-therapy cohort (hazard ratio, 0.57; 95% CI, 0.45 to 0.73) ( Table 3 ). The hazard ratios were similar for patients with isolated tumor cells (0.66; 95% CI, 0.46 to 0.95) and those with micrometastases (0.50; 95% CI, 0.35 to 0.72) ( Table 3) . Also, age at diagnosis, tumor size, tumor grade, and axillary treatment or no axillary treatment were associated with the risk of events (Table 3 ).
In the node-positive, adjuvant-therapy cohort, the subgroup of patients who received chemotherapy only was small (60 patients), which limited statistical analysis according to treatment, though patients who received combined chemotherapy and endocrine treatment seemed to have the largest benefit, as compared with patients in the node-positive, no-adjuvant-therapy cohort (adjusted hazard ratio, 0.34; 95% CI, 0.21 to 0.55). The outcomes according to the type of adjuvant systemic therapy are shown in Tables 4 and 5 in the Supplementary Appendix. Node-negative
Isolated tumor cells Micrometastases
Years since Diagnosis
Node-negative vs. isolated tumor cells, P<0.001 Node-negative vs. micrometastases, P=0.002 Isolated tumor cells vs. micrometastases, P=0.77
No. at Risk
Node-negative Isolated tumor cells or micrometastases 856 856 
Node-negative
Discussion
In this study, we determined whether a relationship exists between disease-free survival and the presence of isolated tumor cells or micrometastases as the final nodal status in women with favorable primary-tumor characteristics who underwent a sentinel-node biopsy. All sentinel nodes and positive nonsentinel nodes were centrally reviewed, and separate analyses of the outcomes of patients who did or did not receive systemic adjuvant therapy were performed. We found that micrometastases or isolated tumor cells in the regional lymph nodes were associated with an absolute reduction in the 5-year rate of disease-free survival of nearly 10 percentage points. Among patients who received systemic adjuvant therapy, the 5-year rate of disease-free survival was significantly improved, with an absolute benefit of nearly 10 percentage points. The presence of tumor-cell deposits in regional lymph nodes may reflect the potential of the primary tumor to metastasize. The size of the tumor deposit may not be an influence on the outcome, since patients with isolated tumor cells or micrometastases had a comparably poor 5-year rate of disease-free survival. We did not differentiate between single tumor cells (which may not have metastatic potential) 16,17 and clusters of cells with an unknown potential for metastasis; this difference requires clarification. In current staging systems for breast cancer, lymph nodes containing micrometastases are classified as nodepositive (pN1mi), whereas nodes containing isolated tumor cells are classified as node-negative (pN0[i+]). 5, 18 In view of our results, a reevaluation of the current AJCC classification is warranted.
Since the introduction of the sentinel-node biopsy, there has been renewed interest in the prognostic implications of the presence of isolated tumor cells and micrometastases. Most previous studies have shown reduced survival among women with occult metastases in lymph nodes, as compared with women with no nodal metastases, although the difference was not always confirmed in multivariate analyses. [6] [7] [8] 19, 20 Large studies that included women who received a diagnosis before the sentinel-node era showed that micrometastases, defined as 2 mm or smaller in diameter and including isolated tumor cells, were associated with reduced overall survival. 9, 10, [21] [22] [23] [24] In these studies, however, the axillary nodes were examined by means of hematoxylin and eosin staining at just one level. Thus, we cannot compare these studies with ours, which involved a detailed examination of the sentinel node. The few previous studies of sentinel nodes were limited by small samples, lack of multivariate analyses, or short follow-up. [25] [26] [27] A drawback of our study is that most of our patients received a diagnosis when the Dutch guidelines for management of breast cancer were conservative, advising systemic adjuvant therapy in patients with node-negative disease only if the estimated 10-year probability of overall survival was less than 80%. 12 Now, because of changes in the guidelines, more patients receive systemic therapy. 11 Therefore, isolated tumor cells or micrometastases should have a smaller influence on disease-free survival among patients with early-stage breast cancer. However, since chemotherapy now usually consists of potent thirdgeneration regimens, instead of the first-or second-generation regimens that were given in 69% and 29%, respectively, of our patients who received chemotherapy, the impact of systemic therapy should be increased.
In this cohort study, the decision to administer systemic adjuvant therapy was at the discretion of the physician. We corrected for factors that might have influenced this decision, such as age at diagnosis, tumor size, and tumor grade. To rule out axillary lymph-node dissection as a confounder, we performed an additional analysis of the node-negative, no-adjuvant-therapy cohort versus the node-positive, no-adjuvant-therapy cohort with this variable included in the model, with essentially the same outcome ( Table 3 in the Supplementary Appendix). No conclusion was possible regarding the effect of axillary lymph-node dissection on disease-free survival and the recur- rence rate in the axilla. To address that question, analyses have to be based on the sentinel-node status instead of the final nodal status.
